














DEVELOPMENT AND EVALUATION OF AN IMAGE DIAGNOSIS SYSTEM FOR BACTERIAL SPOT OF 








A lot of experience and knowledge are required for diagnosis of plant diseases, so development of a simple 
and accurate diagnostic system based on AI technology is desired. The purpose of this study is to develop 
a diagnostic system that can detect early symptoms of plant diseases by deep learning using images of 
early symptoms. Pseudomonas syringae pv. lachrymans was spray-inoculated on cucumber to induce 
bacterial spot of cucumber. Leaves were photographed 1-3 days after inoculation and were used for deep 
learning .In addition, the infected leaves were ground and placed on MSP medium, a selective medium 
for Pseudomonas bacteria, and the number of colonies was measured. As a result of constructing eight 
kinds of CNNs using both 3292 images and the number of bacteria, it was possible to determine the 
infected or healthy leaves with a classification rate of 90 to 97.7%. CNNs using images of strong symptom 
with no background (7.7 x 105 CFU / ml)  showed the highest classification rate, but even with CNNs 
using images with weak symptom of existed background (2.6 CFU / ml)showed the classification rate of 
97.1%. Grad-CAM analysis which can estimate the recognition area in the image, revealed that more than 
90% of the leaves were recognized by all CNNs. These results suggest that deep learning can diagnose 
early symptoms of plant disease.  

























キュウリ斑点細菌病菌 Pseudomonas syringae pv． 
lachrymans を OD600が 0.5～0.8 程度になるまで培養し，滅































Grad-CAM を用いて AI の判断領域を可視化し，AI が画




の一部，葉の周縁部，葉以外の背景の大きく 4 つに分類 
 
 













図 3．Grad-CAM を用いた認識部位の分類の例 




















































Sharada P. Mohanty, David P. Hughes and Marcel Salathé 
（2016） Using Deep Learning for Image-Based Plant Disease 
Detection.  Frontiers in Plant Science，Vol. 7， Article 1419 
 
 
表 2． Grad-CAM による葉認識率 
